Background Baltimore City was faced with two potential measles outbreaks in 2015. Both cases occurred in the wake of national media attention paid to the Disneyland outbreaks of the same year.
Introduction
Today, more than ever, no public health institution operates in a vacuum. In 2015, the Baltimore City Health Department was faced with two separate potential measles cases just as an outbreak emerged at Disneyland. As many US families (see Fig. 1 ) and Baltimoreans (see Fig. 2 ) went online to seek more information on measles and the measles, mumps and rubella (MMR) vaccine, the Health Department confronted a number of challenges to traditional infectious disease outbreak protocols in the age of social media. The case studies presented here explore citywide infectious disease prevention and containment protocols in the changing health landscapes of twenty-first century connectivity and anti-vaccination movements that pose new challenges to effective governmental intervention. While others have looked at the promising role of social media in influenza surveillance and monitoring, [1] [2] [3] this article will examine how social media can be deployed as a proactive tool to prevent panic and spur public health action. Social media include the participatory 'Web 2.0' technologies that expand participation and collaboration between content creators and users on Facebook, Twitter and other media platforms. 4 Given the 'viral' rates of anti-vaccination campaign dispersion through these same media, public health departments working in tandem with community groups, clinicians, hospitals and federal officials can leverage strong coalitions to prevent and treat infectious disease in their communities.
contact with an infected individual. Prior to vaccine development in 1963, the disease killed several hundred individuals in the USA every year and left thousands more with lifelong disabilities. Today, two doses of the MMR vaccine are 97% effective at preventing measles upon exposure to the virus. The Centers for Disease Control and Prevention (CDC) recommends all children receive two doses of the MMR vaccine at 12 to 15 months of age and again at 4 to 6 years. Children are therefore vulnerable to infection from others between birth and 12 months of age, the age at which it is deemed safe to administer the first dose of the immunization.
5
In 2000, the US considered measles eliminated, given the dwindling number of cases and high MMR vaccination rates across the country. In 2004, the USA reported a low of 37 cases. A growing movement against vaccination, however, led to a resurgence in the number of domestic cases. The Internet has played an important role in the dissemination of anti-vaccination information. 6, 7 By 2014, there were 668 measles cases documented nationwide. Worldwide, 20 million people get measles and 146 000 people die from the disease annually. 8 Baltimore City has high vaccination rates of nearly 99% among public school children. Given such high rates of vaccination, the City has not had a documented case of measles in the last decade. 9 However, racial and ethnic health disparities do exist for immunization coverage rates among US preschool children. 10 Given recent debates over the safety of childhood immunization, the role of the local health department as a citywide convener remains critical in encouraging prevention and countering misinformation.
Case 1
In January 2015, a 12-month-old Baltimore City resident was brought to the emergency department waiting room during the contagious period for measles infection. The child had classic symptoms of measles and tested IgG+ and PCR+ but had recently received the MMR vaccine. Given e74 JOURNAL OF PUBLIC HEALTH the possibility of a vaccine-related reaction, the Health Department initially did not release the information to the public as confirmatory testing was ongoing. In the past, this has been the standard protocol in place for suspected vaccine-related reactions.
Contact investigation, the systematic tracing and outreach to people with whom the patient has had contact during the contagious period, began for this child as laboratory testing was performed to confirm the diagnosis. Confirmatory diagnosis of measles requires specialized testing from the CDC which can take up to one week. The child had visited numerous crowded spaces during the infectious period, including a nursing home, a popular family restaurant and two hospital emergency departments. Unlike in times past, the contact investigation also occurred in the age of social media. One of the contacts posted to Facebook, a popular social media site, about possible measles exposure. Given the media coverage of the Disneyland outbreak at that time, the Facebook message was shared by dozens of others within the first hour of its posting and seen by several Health Department employees.
Within the first hour of knowledge about the Facebook post, the Health Department coordinated with state and federal partners to organize a cohesive strategy to trace all potentially impacted patients and provide the public with accurate information and recommendations. The Health Department convened four phone calls that day between local, state and federal stakeholders, including affected hospitals, in order to establish a clear plan of action and to provide regular and consistent information to involved parties. A press release was issued and press conference held within three hours of discovering the social media post.
Daily media outreach and social media updates continued until confirmatory testing revealed that the child had a vaccine reaction. To encourage families to update their children's immunizations, the Health Department harnessed the media attention to release local opinion articles 11 and a public service announcement with the Big Cities Health Coalition in the week following CDC confirmation. 12 The Health Department also convened 16 prominent pediatricians-chairs of every local pediatrics department-around the Baltimore Statement on the Importance of Childhood Vaccination. 13 
Case 2
In August 2015, the Health Department received another report of potential measles from a city hospital. The infectious disease physician stated that the child's Koplik spots, a classic symptom, were 'textbook' examples of the measles infection. Preliminary serologic testing of the unvaccinated 19-month-old and the grandmother, visiting from a country with low vaccination rates, were inconclusive. Strengthened by the public health communications lessons of the January incident, the Health Department pushed for proactive messaging to encourage parents to immunize their children in the last week before Baltimore City Public Schools went back into session.
Though diagnosed in a Baltimore City emergency department, the child was a resident of an adjacent county with a separate public health infrastructure. The child's presentation to a crowded Baltimore City hospital during the acute infection phase meant that there were many Baltimore City residents-patients and employees-who could have been exposed in addition to those at a large gathering with several hundred guests held in the adjacent county. Contact tracing thus required jurisdictional cooperation and culturally competent outreach to people of diverse backgrounds and English language knowledge.
When preliminary serological testing came back positive for the child, the City and local county authorities made coordinated media statements to the press about a suspected case of measles. The Health Department worked with county, state and federal partners to harness media attention and encourage families to review and update their immunizations before the beginning of the school year. The groups made the statement via both traditional media such as local television stations and via social media.
When confirmatory testing came back negative one week after the initial case identification, a final press release was issued to confirm that the child did not have measles. Throughout this time, the Health Department maintained a regular and proactive social media presence on Facebook, Twitter and their website in order to calm public fears and direct community members to immunization resources. Through regular and proactive communication, the incident again served to encourage local families to update their children's immunizations before the school year began.
Discussion Main findings

Diversity of platforms and jurisdictions
The advent of social media and increasing connectedness of local public health jurisdictions requires new and networked response mechanisms. [14] [15] [16] Particularly for diseases such as measles that are infrequently seen in the US, health departments and hospitals must ensure that response protocols incorporate novel and diverse communication mediums in their messaging. Social media, which can be used both to proactively warn the public and to encourage immunization, also carries the possibility of social panic. Given that usage rates of the dominant social media platforms (e.g. Twitter, Facebook) vary by age, gender, race and geography, 17 shaping a coherent public health message across multiple media platforms and multiple jurisdictions is even more important in this interconnected time.
Clarity of messaging across platforms and jurisdictions
The growing mobility and connectedness of populations increases the likelihood that more than one jurisdiction will be impacted by infectious disease outbreaks and other acute events. Agency responsibilities have to be clear, particularly for liaising with the media. The timing for such action has been significantly shortened, given that knowledge of the potential case is likely to spread via social media once contact investigation has begun. Clear, lateral communication between partners in complex jurisdictional settings needs to be both frequent and simultaneous (e.g. all partners present on regular, recurring calls). Social media should be regular and frequent, with social media accounts monitored by a public health employee who can individually respond to questions and constituent concerns as they arise.
Preemptive messaging to harness interconnectivity for the public good Though prevention will always be preferable to detection, cases like the two above can serve to spur action through the use of public service announcements and convening of community leaders. One main lesson learned from the January case and implemented during the August case was that disseminating the public health announcement about ongoing measles contact investigation served to proactively shape the messaging around the potential outbreaks. Citing the importance of childhood immunization, Baltimore pediatricians came together with city and state leaders to encourage families to get vaccinated. At times of heightened national attention to infectious epidemics, communities will be more sensitive and reactive to news of potential measles infection (see Figs 1 and 2) . Public health institutions can work with local hospitals and community-based organizations to prepare and encourage similar proactive responses.
Deeper understanding of cultural competency and the digital divide Despite high rates of Internet access and use, the 'digital divide' persists between many communities in the US along lines of language, socioeconomic status and neighborhood. As in the August case, the role of language, stigma and cultural expectations all play immediate roles in the prevention and surveillance of infectious as well as non-communicable disease. Despite the urgency of protocol implementation in a highly contagious disease like measles, appropriate and accessible outreach may require a greater on-the-ground presence in communities wary of health care systems.
The importance of surveillance and early detection Investments in public health infrastructure for surveillance and immunization are as critical today as they were in times of widespread infectious disease. Cities, states and federal authorities need to continue to strengthen and modernize these systems for prevention and early detection in order to control and eradicate diseases such as measles. This may require the adaption of certain existing digital detection algorithms for influenza [1] [2] [3] to less frequently occurring infectious diseases if outbreaks continue to occur.
What is already known on this topic
It has been well-established that the Internet and social media can be used to spread health information and misinformation 1, 4, 15, 16, [18] [19] [20] [21] [22] [23] [24] [25] [26] across social networks 27, 28 as well as to measure vaccine confidence. 29, 30 Social media, the set of interactive online tools including Facebook and Twitter, is well-suited to health promotion due to its 'consumer-centric' nature, the potential for anonymity, its relative affordability and cost-effectiveness and its establishment across sociodemographic groups and geographic distances. 26 Past research has identified a number of promising social media strategies for health promotion including the use of tailored messaging, the repurposing of content across platforms and the encouragement of users to engage with material online. 26 Approximately 60% of state public health departments use social media; the majority of those departments use Twitter (86.7%), Facebook (56%) or YouTube (43%). However, there are few demonstrated interactions between these health departments and their followers on these social media platforms. They often have few Twitter followers or Facebook friends, which limits the interactive potential of these tools. 16 This is a missed opportunity given that 72% of internet users report looking online for health information in the past year and 35% of US adults have gone online to specifically diagnose a medical condition. 31 In the case of vaccine confidence, much of the anti-vaccination movement has spread online by social media. 6, 7, 30, 32 What this study asks Though past research has examined the negative and positive impacts of social media on suicide, 33 cancer survivorship, 34 influenza surveillance [1] [2] [3] and general health e76 JOURNAL OF PUBLIC HEALTH promotion, [19] [20] [21] [23] [24] [25] [26] we sought to describe both the potential and pitfalls of social media use in the case of infectious disease outbreaks in the US, such as measles.
Limitations of the study
There were numerous challenges in coordinating a coherent and appropriate public health response in both potential measles cases. Given the comparative case study approach, the authors were unable to make causative or quantitative links between social media use and vaccination rates. In responding amidst national media attention to the rising numbers of measles diagnoses, the Health Department instead identified a number of best practices that have direct relevance to infectious disease prevention and surveillance in the 21st century.
Conclusion
Both cases demonstrated the continuing need to proactively shape public health messaging in an age of interconnectivity both between city institutions and also between those institutions and the public. In the first case, city, state and federal coordination was critical to completing multi-jurisdictional contact tracing. In the second, proactive messaging spurred many families to reach out to immunization resources before the academic year. Though both cases were fortunately negative in the case of Baltimore City, they served as opportunities to mobilize families to engage with primary care providers and to strengthen the local public health infrastructure. Future directions for targeting messaging and outreach may help further the broad reach of social media interventions while avoiding the information overload as its novelty fades.
